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$EVWUDFW
7KH $66(7 SURMHFW $6VHVVLQJ 6(QVLWLYHQHVV WR 7UDQVSRUW KDV GHYHORSHG D *,6EDVHG :HEWRRO XVLQJ D PDS
GDWDEDVH WR GHSLFW VSDWLDO LQGLFDWRUV RI WUDQVSRUW DQG UHODWHG SUHVVXUHV DQG PDSV RQ VHQVLWLYHQHVV WR WUDQVSRUW
DFWLYLWLHV$PRQJWKHLQGLFDWRUVRIVHQVLWLYHQHVVXVHGLQWKHSURMHFWWKHUHDUH+XPDQKHDOWKLQGLFDWRUV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QRLVHDLUSROOXWLRQDQGKLJKHUFRQFHQWUDWLRQOHYHOVLQFLWLHVDQGYDOOH\V(FRV\VWHPVHQVLWLYLW\LQGLFDWRUV$QDO\VLVRI
KDELWDWVHQVLWLYLW\ODQGVFDSHIUDJPHQWDWLRQDQGFRQILJXUDWLRQRIHFRV\VWHPV,QGLFDWLRQRIVHQVLWLYHDUHDVLQGLFDWRUV
LQWHUPVRIVFHQLFODQGVFDSHVDQGLPSDFWVIURPWRXULVP
7KH PDSSLQJ RI WUDQVSRUW VHQVLWLYH DUHDV LQ (XURSH FDQ DOORZ IRU WKH LGHQWLILFDWLRQ DQG SULRULWL]DWLRQ RI FULWLFDO
VXVWDLQDELOLW\LVVXHVJHDUHGWRWKHGHYHORSPHQWRIWKH7(17QHWZRUN)XUWKHUPRUHYROXPHVJHQHUDWHGE\WUDQVSRUW
PRGHOVOLNH75$16722/6IRUDFWXDOVLWXDWLRQDQGVFHQDULRVFDQEHFRQIURQWHGZLWKWKHVHQVLWLYLW\RIWKHDUHDVWKH\
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WKH FRQWH[W RI WKH WK )UDPHZRUN 5HVHDUFK 3URJUDP ,Q JHQHUDO WKH RYHUDOO REMHFWLYH RI WKH $66(7
SURMHFW KDV EHHQ WR SURYLGH VFLHQWLILF DQG PHWKRGRORJLFDO HYLGHQFHV VXSSRUWLQJ WKH LPSOHPHQWDWLRQ RI
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(XURSHDQ SROLFLHV DLPLQJ DW EDODQFLQJ WKH HQYLURQPHQWDO SURWHFWLRQ LQ VHQVLWLYH DUHDV HJ
DJJORPHUDWLRQVPRXQWDLQDUHDVFRDVWDODUHDVQDWXUHUHVHUYHHWFZLWKWKHQHHGWRVHWXSDQH[WHQVLYHDQG
HIILFLHQW WUDQVSRUW LQIUDVWUXFWXUH QHWZRUN DFURVV (XURSH HJ WKH 7(17 QHWZRUN ,Q VXFK D FRQWH[W
SDUWLFXODUHPSKDVLVKDVEHHQSXWRQWKHSRWHQWLDODULVLQJIURPWKHXVHRI*,6GDWDJHRUHIHUHQFHGGDWD
DQG PDSSLQJ DSSURDFKHV DV IDU DV WKH LPSDFW DVVHVVPHQW RI WUDQVSRUW LQIUDVWUXFWXUHV LQ HQYLURQPHQWDO
VHQVLWLYHDUHDVLVFRQFHUQHG
7KHEDFNJURXQGRIWKH$66(7SURMHFWOLHVRQWKHIROORZLQJWZRSLOODUV
x 7RGHYHORSDUREXVWGHILQLWLRQRIWUDQVSRUWVHQVLWLYHDUHDV
x 7RH[SORLWWKHSRWHQWLDORI*,6GDWDLQWKHLUDQDO\VLVDQGLGHQWLILFDWLRQZLWKLQDSDQHXURSHDQ
DVVHVVPHQW

&RQFHUQLQJ WKHIRUPHUSLOODU WKH$66(7SURMHFWGHILQHVD WUDQVSRUWVHQVLWLYHDUHD76$DVDQDUHD
ZKHUHWKHSUHVHQFHRIDWUDQVSRUWURXWHGHWHULRUDWHVWKHTXDOLW\RIWKHDUHDFOHDUO\PRUHWKDQWKHSUHVHQFH
RI WKHVDPHWUDQVSRUW URXWH LQDQRWKHUDUHDEHFDXVH WKH LPSDFWVFDXVHGDUHSDUWLFXODUO\KLJK/LHEHWDO

7KHIROORZLQJWDEOHVKRZVWKHFULWHULDIRULGHQWLI\LQJ7UDQVSRUW6HQVLWLYH$UHDV
7DEOH&ULWHULDIRUWKHLGHQWLILFDWLRQRI7UDQVSRUWVHQVLWLYHDUHDV76$
 +LJKHUYXOQHUDELOLW\RIHQGSRLQWV
7UDQVSRUWUHODWHGSUHVVXUHV
3RSXODWLRQ
H[SRVXUH
GHQVLW\
6HQVLWLYH
HFRV\VWHPV
/DQGVFDSHV
ZLWK
UHFUHDWLRQDO
WRXULVWLF
IXQFWLRQ
8QLTXHQDWXUDO
UHVRXUFHV
KDELWDWVDQG
FXOWXUDO
KHULWDJHV
$UHDVZLWK
H[WUDRUGLQDU\
SUHORDGOHYHOV
6LJQLILFDQWQRLVHLPSDFW 9 9 9 9 
6LJQLILFDQWSROOXWDQWORDGV     
D$LUSROOXWLRQ 9 9 9 9 9
E:DWHUSROOXWLRQ  9  9 
F6RLOSROOXWLRQ  9  9 
6LJQLILFDQWVSDWLDOLPSDFWRIWUDQVSRUW
LQIUDVWUXFWXUH
    
D/DQGWDNH  9 9 9 9
E&RDVWDOHURVLRQ  9   
F%DUULHUHIIHFWV 9 9 9 9 9
G9LVXDOLQWUXVLRQ 9  9 9 
6LJQLILFDQWULVNVIURPDFFLGHQWDOUHOHDVH
RIKDUPIXOVXEVWDQFHV
    
D([SORVLYHVWR[LFJDVHV 9    
EZDWHUDQGVRLOSROOXWLQJ
VXEVWDQFHV
 9 9 9 

7KHWDEOHVKRZVWKDWD76$FDQEHLGHQWLILHGDVWKHFRPELQDWLRQRIWUDQVSRUWUHODWHGSUHVVXUHVQRLVHDLU
SROOXWLRQWUDQVSRUWLQIUDVWUXFWXUHODQGWDNHFRDVWDOHURVLRQEDUULHUHIIHFWVDQGYLVXDOLQWUXVLRQDQGWKH
SUHVHQFH RI YXOQHUDEOH HQGSRLQWV HJ KLJK SRSXODWLRQ GHQVLW\ VHQVLWLYH HFRV\VWHP HWF 7KH LPSDFWV
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FRQVLGHUHG DUH ORFDO LH FRQFHUQLQJ D VSHFLILF DUHD WKHUHIRUH WRSLFV OLNH JOREDO ZDUPLQJ WKRXJK DQ
LPSRUWDQWHQYLURQPHQWDOSUREOHPDUHQRWFRQVLGHUHG
&RQFHUQLQJ WKH VHFRQG SLOODU WKH UROH RI *,6 GDWD LQ WKH LGHQWLILFDWLRQ RI 76$ LW VKRXOG EH
FRQVLGHUHGWKDWDFFRUGLQJWRWKHFRQFHSWRI76$HPHUJLQJIURPWKHWDEOHWKHGHJUHHRIVHQVLWLYHQHVVRI
DUHDVRIWHQGHSHQGVRQ ORFDOFRQGLWLRQVDVSRSXODWLRQGHQVLW\FXOWXUDOKLVWRU\HFRORJ\RIKDELWDWVVRLO
ZDWHUIORZVPHWHRURORJLFDOFRQGLWLRQVRUWKHVKDSHRIWKHWHUUDLQ'XHWRWKLVKLJKLPSRUWDQFHRIVSDWLDO
UHODWLRQVKLSVJHRJUDSKLFDOGDWDDQGPDSSLQJFRXOGDOORZWRYLVXDOL]HWUDQVSRUWVHQVLWLYHDUHDVWKURXJKWKH
RYHUOD\VRILPSDFWVIURPSRWHQWLDOWUDQVSRUWZLWKUHOHYDQWW\SHVRIVHQVLWLYLW\WRWUDQVSRUWDVGLVFXVVHGLQ
WKHQH[WFKDSWHUV
2QWKHWHFKQRORJLFDOVLGHLWVKRXOGEHFRQVLGHUHGWKDWZLWKLQUHFHQW\HDUVGDWDSURFHVVLQJSRZHUDQG
GDWD VWRUDJH FDSDFLW\ HYHQ RI RUGLQDU\ GHVNWRS FRPSXWHUV KDV LQFUHDVHG WUHPHQGRXVO\ )XUWKHUPRUH
LQFUHDVLQJ DZDUHQHVV KDV EHHQ JDLQHG UHJDUGLQJ WKH FDSDELOLW\ WR DQDO\]H VSDWLDO SKHQRPHQD DQG WKHLU
LQWHUDFWLRQLQVSDFHDQGWLPHLQHQYLURQPHQWDOUHVHDUFK7KLVWHFKQRORJLFDOWUHQGKDVOHGWRGDWDFROOHFWLRQ
DFWLYLWLHV IRUFUHDWLQJRIPDQ\QHZDQGPRUHSUHFLVHJHRJUDSKLFDOGDWDEDVHVDQGPDSVZLWK LQFUHDVLQJ
VSDWLDOUHVROXWLRQILQHUJUDLQVL]H0DQ\RIWKHVHGDWDEDVHVKDYHEHHQPDGHDYDLODEOHWRWKHSXEOLFRUIRU
UHVHDUFK SXUSRVHV HQDEOLQJ PRUH GHWDLOHG DQG LQ GHSWK *,6 PRGHOLQJ DQDO\VLV UHJDUGLQJ WKH 76$
DQDO\VLV
6WDWHRIWKHDUWRIWKHPDSSLQJDSSURDFK
6WDWHRIWKHDUW
([DPSOHVRQµEHVWSUDFWLFH¶UHJDUGLQJSDQ(XURSHDQPDSSLQJRILPSDFWVFDXVHGE\WUDQVSRUWDFWLYLWLHV
FRXOGRQO\WRDPLQRUH[WHQWEHIRXQGLQWKHVWUXFWXUHGVFDQRISHHUUHYLHZHGDUWLFOHVXVLQJIRUH[DPSOH
µ,6,:HERI6FLHQFH¶RURWKHUVLPLODUWRROV7KHVRXUFHVDUHPRVWOLNHO\WREHIRXQGLQWKHDUHDRIDSSOLHG
VFLHQFH DQG LQWHJUDWHG UHVHDUFK SURMHFWV RU ZLWKLQ UHSRUWV IURP (8 UHVHDUFK SURMHFWV DQG IURP WKH
GHYHORSPHQWRIVSDWLDOLQGLFDWRUVE\GLIIHUHQWRUJDQL]DWLRQVDQGERGLHV
,QJHQHUDOFDUU\LQJRXWWKHVWDWHRIWKHDUWUHYLHZWKHIROORZLQJJHQHUDOFRQFOXVLRQVDQGOHVVRQVFDQ
EHGUDZQ
x $OO SXEOLFDWLRQV UHYLHZHG KDYH PDSV DV PHDQV RI LOOXVWUDWLQJ UHVXOWV DQG GRFXPHQWLQJ WKH ZRUN
SURFHVV
x 1R SXEOLFDWLRQV ZHUH IRXQG RQ KRZ WR XVH PDSV DV PHDQV RI FRPPXQLFDWLRQ GLVFXVVLQJ
FRPPXQLFDWLYHUHODWLRQVKLSVEHWZHHQVHQGHUPDSDQGUHFHLYHUUHDGHU
x )XUWKHUPRUHPDQ\PDSVKDGRQO\SRRURUQRQFRPSUHKHQVLYHOHJHQGVDWWDFKHGDQGLQVHYHUDOFDVHV
WKH UHDGDELOLW\ ZDV OLPLWHG GXH WR EDG UHSURGXFWLRQ 0DQ\ PDSV GLG QRW PHQWLRQ WKH VFDOH DQG
SURMHFWLRQXVHGVRLWLVQRWSRVVLEOHIRUWKHUHDGHUWRGHFLGHZKHWKHUDUHDVL]HVDUHFRQVLVWHQWDOORYHU
WKHPDS7KLVZDVHVSHFLDOO\WKHFDVHIRUPDSVLQSHHUUHYLHZHGDUWLFOHV
x 6HYHUDO WLPHV WKH PHWKRGV DQG GDWD XVHG WR SURGXFH WKH UHVXOWV DQG PDSV KDYH QRW EHHQ FOHDUO\
GRFXPHQWHGPDNLQJLWLPSRVVLEOHWRWKHUHDGHUWRXQGHUVWDQGDQGUHYLHZZKHWKHUWKHUHVXOWVSUHVHQWHG
E\PDSVORRNDFFXUDWH
x 7KH RYHUZKHOPLQJ WUDQVSRUW PRGH DGGUHVVHG LQ WKH SHHUUHYLHZHG SDSHUV LV URDG WUDQVSRUW HYHQ
WKRXJKWKHDSSOLHGUHVHDUFKSURMHFWVGHDOZLWKDOOPRGHVERWKJRRGVDQGSDVVHQJHUV
x $LUSROOXWLRQZDVFOHDUO\ LQIRFXVDVLWZDVDGGUHVVHGLQDOPRVWKDOIRIWKHDUWLFOHVIURPWKHVXUYH\
$Q\ZD\WKHPDMRULW\RIWKHVHSDSHUVKDYHDUDWKHUQDUURZDSSURDFKZRUNLQJRQHLWKHUDYHU\VPDOO
VWXG\ DUHD0DQ\SDSHUV DUHRQ HPLVVLRQV LQJHQHUDO RU UHJDUGLQJJHQHUDO LPSDFWV DQGPHDVXUHV WR
OLPLWDLUSROOXWLRQDQGHPLVVLRQVIURPWUDQVSRUWDWLRQ
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x $OPRVW DOO PDSV DQG DSSURDFKHV UHYLHZHG FRQVLGHU LPSDFWV IURP H[LVWLQJ LQIUDVWUXFWXUHV 0DSV
DVVHVVLQJ WUDQVSRUW VHQVLWLYH DUHDV UHJDUGOHVV RI WKH ORFDWLRQ RI LQIUDVWUXFWXUH DUH UDWKHU VFDUFH
H[DPSOHV IRXQG DUH WKRVH RQ SRSXODWLRQ GHQVLW\ DQG RQ JURXQGZDWHU YXOQHUDELOLW\ 6RPH RI WKH
ELRGLYHUVLW\PDSVFDQEHLQWHUSUHWHGWKDWZD\WRR
*HRJUDSKLFDOGDWDVHWVDYDLODEOHDW(8OHYHO
,QWKLVVHFWLRQDQRYHUYLHZRIH[LVWLQJVHWVRIJHRUHIHUHQFHGGDWDWKDWSRWHQWLDOO\PD\EHUHOHYDQWIRU
PDSSLQJRIWUDQVSRUWVHQVLWLYHDUHDVDQGLPSDFWVGXHWRWUDQVSRUWDWLRQLVSUHVHQWHG
7KH LQVLJKWV IURP D YHU\ EULHI RYHUYLHZ DUH WKDW GDWD UHJDUGLQJ ODQG XVH ODQG FRYHU HOHYDWLRQ DQG
GHULYHG GDWD OLNH SRSXODWLRQ GHQVLW\ DQG VORSHV DUH DYDLODEOH LQ YHU\ KLJK VSDWLDO GHWDLO LH P
UHVROXWLRQIRUPRVWRIWKH(8FRXQWULHV0DSVRQURDGVDQGUDLOZD\OLQHVFRYHUPRVWRIWKHSDYHGVWUHHWV
LQ (XURSH (8 DW D OHYHO RI GHWDLO FRPSDUDEOH WR PDSV LQ  )XUWKHUPRUH URDGV LQFOXGH
VXSSOHPHQWDOLQIRUPDWLRQRQURDGFODVVW\SHRISDYHPHQWDQGWXQQHOVDQGUDLOZD\VDUHGLYLGHGLQWRPDLQ
W\SHV
6WDWLVWLFDO GDWD IRU WKH HQWLUH (8 FRXQWULHV LV SURYLGHG E\ (85267$76 DW GLIIHUHQW OHYHOV RI
DGPLQLVWUDWLYHXQLWV'DWDRQPHWHRURORJLFDOFRQGLWLRQVDQGDLUSROOXWLRQDUHXVXDOO\QRWDYDLODEOHDWWKH
VDPHKLJKGHJUHHRIVSDWLDOUHVROXWLRQDQGWKXVFRDUVHUPDSSLQJKDVWREHH[SHFWHG

$VKRUWVXPPDU\RIWKHFRQWHQWVRIWKHPDSVUHYLHZHGLVWKHIROORZLQJ
x 7UDQVSRUWIORZV7KH75$16722/6PRGHOGHVFULEHVSDVVHQJHUDQGIUHLJKWDVZHOODV
LQWHUPRGDOWUDQVSRUWIRUDOOPHGLXPDQGORQJGLVWDQFHPRGHV7KHJHRSURFHVVLQJIUDPHZRUNLQ
75$16722/6LQFOXGHVDUHJLRQDOHFRQRPLFPRGHOIUHLJKWGHPDQGDQGWUDGHPRGHOVDIUHLJKW
ORJLVWLFPRGHOSDVVHQJHUGHPDQGPRGHOLQJDQGDQDLUSRUWFKRLFHVXEPRGHO
x (PLVVLRQV/RFDOVWXGLHVDOORZGHWDLOHGLQYHQWRULHVRIHPLVVLRQGULYHQE\VSDWLDOO\H[SOLFLWGDWD
RQHPLVVLRQVRXUFHV7KHPDMRULW\RI WKHH[DPSOHV IRXQGGHDOVZLWK WKLV W\SHRI ORFDO VWXGLHV
UHTXLULQJGHWDLOHGGDWDWRGULYHWKHPRGHOV6RPHVWXGLHVLQWHQGWRSURYLGHWRROVIRUORFDOWUDIILF
LQGXFHGDLUSROOXWLRQDQGWKXVVXSSRUWLQJORFDODXWKRULWLHVDQGWUDQVSRUWSODQQHUVZLWKPDSVDQG
YLVXDOLVDWLRQ WRROV VRPHWLPHV KDQGOLQJ YHU\ VPDOO DUHDV *XOOLYHU - %ULJJV '- 
0DYURXOLGRX0HWDO:KHHOHU$-6PLWK'RLURQ0)RUDUHFHQWUHYLHZRQWKH
DSSOLFDWLRQRIDLUTXDOLW\PRGHOVLQ(XURSH(($
x 3RSXODWLRQ GHQVLW\ 0DSV RQ SRSXODWLRQ GHQVLW\ EDVHG RQ 8UEDQ 0RUSKRORJLFDO =RQHV
80=(($GDWDVHUYLFH	(XURSHDQ&RPPLVVLRQ'*-5&,VSUDZKLOHRWKHUV
XVHWKHGLVDJJUHJDWHGSRSXODWLRQGDWDVHWSURGXFHGE\*DOOHJR-DQG3HHGHOO6XVLQJD
SRSXODWLRQ FHQVXV RI (XURSHDQ FRPPXQHV IRU  %RWK RI WKHVH PDSV DUH EDVHG XSRQ WKH
&RULQH/DQG&RYHUPDSSLQJXQGHUWDNHQLQWKHIUDPHZRUNRIWKH(($&RULQHSURJUDPPH
x 1RLVH /RFDO DSSURDFKHV RQ PRGHOLQJ QRLVH HPLVVLRQV DQG SURSDJDWLRQ DUH DYDLODEOH IRU WKH
FHQWUDODUHDVRIODUJHUXUEDQDJJORPHUDWLRQV.O ERHHWDO.DOLQVNLHWDO.O ERH
HWDOFDUULHGRXWDFRQWH[WVHQVLWLYHQRLVHLPSDFWPDSSLQJWDNLQJLQWRDFFRXQWDOOQRLVHVRXUFHV
ZLWKLQDGLVWDQFHRIVHYHUDOWHQVRIPHWHUV7KHPHWKRGUHTXLUHVUDWKHUGHWDLOHGVSDWLDOGDWDDQG
DV EHHQ DSSOLHG RQWR WKH FLW\ RI2VOR1RUZD\ FUHDWLQJ VR FDOOHG QHLJKERXUKRRG VRXQGVFDSH
TXDOLW\DUHDV
x $FFLGHQWV%UDLQDUGHWDODQG/RYHWHWDOPRGHOOHGWUDQVSRUWURXWHVRIKD]DUGRXV
ZDVWH VWUHDPV OLQNHG WR WKH URDG QHWZRUN LQ *UHDWHU /RQGRQ DQG 6RXWK(DVW (QJODQG 7KHLU
SDSHUDLPVDWYLVXDOL]LQJKRZPDSV*,6FDQEHDSSOLHGZLWKLQVSDWLDOULVNDQDO\VLVWDVNV
x %LRGLYHUVLW\0DSSLQJELRGLYHUVLW\KDVEHHQKLJKOLJKWHGDVRQHRIWKHPRVWLPSRUWDQWJRDOVIRU
HQYLURQPHQW SURWHFWLRQ WKRXJK WKH FUHDWLRQ RI D JOREDO ELRGLYHUVLW\ PDS LV VWLOO QRW
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DFFRPSOLVKHG 7KH (XURSHDQ 8QLRQ RIIHUV D FODVVLILFDWLRQ RI (XURSHDQ KDELWDWV XQGHU WKH
KDELWDWVGLUHFWLYHDQGLQRUGHUWRJXLGHQDWLRQDOPDSSLQJRIWKHGHVLJQDWHG1DWXUDVLWHV
x 5HFUHDWLRQDQG7RXULVP6\UEHDQGFROOHDJXHVDVVHVVHGFKDQJHVLQUHFUHDWLRQYDOXHVGXH
WRODQGVFDSHFKDQJHVLQDVWXG\DUHDLQ6RXWK(DVWHUQ*HUPDQ\DQGSXEOLVKHGWKHLUILQGLQJVRQ
DQLQWHUDFWLYH:HE*,6

0RUHLQJHQHUDORWKHULPSRUWDQWVRXUFHVRIUHOHYDQWJHRGDWDDUH
x (($GDWDVHUYLFHKWWSGDWDVHUYLFHHHDHXURSDHXGDWDVHUYLFH
x (XUR*HRJUDSKLFVDQRUJDQLVDWLRQUHSUHVHQWLQJQHDUO\DOO(XURSHDQ1DWLRQDO0DSSLQJDQG&DGDVWUDO
$JHQFLHV10&$VKWWSZZZHXURJHRJUDSKLFVRUJHQJBDERXWDVS
x (85267$7KWWSHSSHXURVWDWHFHXURSDHX
x (($(81,6*,6WRROV/LYHPDSVDQGGDWDKWWSHXQLVHHDHXURSDHXJLVWRROMVS
7KHPDSSLQJDSSURDFKDQGWKHLPSDFWDVVHVVPHQWRIWUDQVSRUWLQIUDVWUXFWXUHV
7KH$66(7:HEWRROPHWKRGRORJ\
7KHFROOHFWLRQRIPDSGDWD LVDOZD\VDYHU\ WLPHFRQVXPLQJ WDVN DV LW LPSOLHVGDWDFROOHFWLRQ IURP
GLIIHUHQWPDS SURYLGHUV WKHKDUPRQL]DWLRQ RI FODVVLILFDWLRQV DQG SURGXFWLRQ VWDQGDUGV DQG ODVW EXW QRW
OHDVWWKHVROYLQJRIFRS\ULJKWLVVXHV:LWKLQWKHWLPHIUDPHDQGUHVRXUFHVDYDLODEOHLQWKH$66(7SURMHFW
ZHKDYHPDLQO\UHOLHGRQPDSVUHDGLO\DYDLODEOHIRUWKHHQWLUHSURMHFWDUHDDVIXOO\FRYHULQJKDUPRQL]HG
PDSV$VVKRZHG LQ WKHVWDWHRIWKHDUWFKDSWHU WKHUHOHYDQWGDWDVHWVKDYHEHHQPDLQO\FROOHFWHGIURP
LQWHUQDWLRQDORUJDQL]DWLRQVOLNHWKH(($-5&DQG(XURVWDWLQWHJUDWHGZLWKRXWFRPHVDQGSURGXFWVIURP
VRPHPDMRU(8UHVHDUFKDQGGHYHORSPHQWSURMHFWV
:KHQHVWDEOLVKLQJWKH$66(7PDSGDWDEDVHIRUFRPSLODWLRQRILQGLFDWRUPDSVDOOPDSGDWDKDYHEHHQ
KDUPRQL]HGWRWKHVDPHVSDWLDOUHVROXWLRQZLWKNPJULGVL]HDQGWRWKH(($VWDQGDUGPDSSURMHFWLRQ
(756/$($7KLV UHVROXWLRQSURYLGHV DQ DFFHSWDEOH FRPSURPLVHEHWZHHQ WKHKLJKHU VSDWLDO
UHVROXWLRQVDQGWKHSURFHVVLQJVSHHGIRUUXQQLQJWKH:HE*,6VHUYLFHV2YHUOD\PDSVVKRZLQJWUDQVSRUW
LQIUDVWUXFWXUHDQGFRXQWULHVKDYHEHHQNHSWLQWKHLURULJLQDOIRUPDWDVSRO\JRQVDQGOLQHDUIHDWXUHV
7KHGHILQLWLRQRIWKUHVKROGVIRUWKHLQGLFDWRUVRIVHQVLWLYLW\RIZKLFKDW WKH7DEOHRIWKLVSDSHUKDV
EHHQDPDMRULVVXHRQFHWKHDFWXDOPDSVKDYHEHHQDYDLODEOH$VVLJQLQJWKHWKUHVKROGVEDVHGRQWKHDUHD
FRYHUHGLVLQIDFWSUREOHPDWLFGXHWRVHYHUDOUHDVRQV
x IRUVRPHLQGLFDWRUVOLNH1DWXUDDUHDVLWLVREYLRXVWKDWDOO1DWXUDDUHDVDUHVHQVLWLYHVRQR
DUHDWKUHVKROGFDQEHDSSOLHGKHUH
x &RQWLQXRXVLQGLFDWRUVOLNHSRSXODWLRQGHQVLW\WKHFKRLFHRIRIWKHWRWDODUHDRIWKH(8LVUDWKHU
DUELWUDU\7KHUHLVQRJRRGUHDVRQZK\RQHSHUFHQWDJHVKRXOGEHPRUHUHDOLVWLFWKDQDQRWKHUHJ
RU
x $ WKUHVKROG EDVHG RQ D SHUFHQWLOH RI WKH WRWDO DUHD GHSHQGV RQ WKH DUHD XQGHU FRQVLGHUDWLRQ LH DQ
H[WHQVLRQRI WKH(8ZLWK IXUWKHU VSDUVHO\SRSXODWHG(DVWHUQ(XURSHDQFRXQWULHVZRXOGFKDQJH WKH
VHQVLWLYLW\FRPSXWHGDVWKHPRVWGHQVHO\SRSXODWHGDUHDLQRWKHUDUHDVOLNHWKH$OSV
x ,WLVQRWIHDVLEOHDQGQRWDGYLVDEOHWRRGXHWRWKHSRLQWVPDGHDERYHWRFDUU\RXWDWULDODQGHUURUWDVN
WRILQGDWKUHVKROGWKDWPHHWVWKHUHTXLUHPHQWV
x DWUDQVSRUWURXWHPD\KDYHDQHIIHFWRYHUDFHUWDLQGLVWDQFHVRWKDWEXIIHU]RQHVDURXQGWKHVHIHDWXUHV
PXVWEHGHILQHG7KHGLVWDQFH WR1DWXUDVLWHVKDVEHHQXVHG WRJUDGXDOO\GHFUHDVH VHQVLWLYHQHVV
ZLWKNPGLVWDQFHIURPD1DWXUDDUHD

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,Q JHQHUDO LW LV KDUG WR ILQG VFLHQWLILF HYLGHQFH IRU VHOHFWLQJ D WKUHVKROG RU D FXWRII YDOXH IRU DOO
$66(7LQGLFDWRUVDQGLQPDQ\FDVHVWKUHVKROGVWRDFHUWDLQGHJUHHDUHDTXHVWLRQRISROLWLFDOGHFLVLRQV
)XUWKHUPRUHZHVKRXOGUHPHPEHU WKDW WKHPDLQSXUSRVHRI WKH$66(7:HE*,6WRRO LV WRSURYLGH WKH
EDVLV IRU VFUHHQLQJ H[HUFLVHV DQG WKXV WKH LQGLYLGXDO LQGLFDWRU PDSV VKRXOG EH NHSW LQ WKHLU RULJLQDO
YHUVLRQZLWKFRQWLQXRXVYDOXHV7KLVHQVXUHVWKDWVHYHUDOLQGLFDWRUPDSVZLWKORZVHQVLWLYLW\LHEHORZD
SRWHQWLDOWKUHVKROGPD\VXPXSWRKLJKHUVHQVLWLYLW\RIDJLYHQDUHDFRPSDUHGWRDQRWKHUDUHDZLWKRQO\
RQH LQGLFDWRU RI D KLJK YDOXH ,W LV LPSRUWDQW WR NHHS LQ PLQG WKDW WKLV VFUHHQLQJ H[HUFLVH KDV WR EH
IROORZHGXSE\LQGHSWKDVVHVVPHQWVEDVHGRQGHWDLOHGGDWDDQGNQRZOHGJHDYDLODEOHIRUORFDORUUHJLRQDO
DQDO\VLV OLNH WKH 6WUDWHJLF (QYLURQPHQWDO ,PSDFW $VVHVVPHQW 6($ DQG (QYLURQPHQWDO ,PSDFW
$VVHVVPHQW(,$

7DNLQJ LQWRDFFRXQW WKLVPHWKRGRORJLFDO IUDPHZRUN WKH LPSOHPHQWDWLRQRI WKH$66(7*,6 WRRO IRU
WKHDQDO\VLVRI76$KDVLPSOLHGWKHIROORZLQJVWHSV
 7KH ILUVW VWHS LV WR FRPSLOH LQGLYLGXDO PDSV IRU HDFK VLQJOH LQGLFDWRU DV RXWOLQHG LQ WKH
LQWURGXFWLRQ WR WKLVSDSHU ,QGLFDWRUVDUHPHDVXUHG LQGLIIHUHQWXQLWV LHGLVWDQFH LQPHWHUV
SRSXODWLRQ LQFDSLWD HWF ,W LVQRWHDV\ WRFRPSDUHDQGHYHQPRUHTXHVWLRQDEOH WRFRPELQH
PDSV LQGLFDWLQJ VXFK GLIIHUHQW WKLQJV OLNH SRSXODWLRQ GHQVLW\ HFRV\VWHP KHDOWK DQG WKH
LQIOXHQFHRIWRSRJUDSK\RUPHWHRURORJ\+HQFH WKHVROXWLRQFKRVHQLV WRXVHUHODWLYHVFDOHV
DQG HDFK LQGLFDWRU PDS LV UHVFDOHG LQWR LQGH[ YDOXHV IURP  UHSUHVHQWLQJ ORZHU WR
KLJKHU VHQVLWLYLW\ RI DQ DUHD 7KHVH PDSV UHIOHFW UHODWLYH VHQVLWLYLW\ RU ZHLJKWLQHVV RI WKH
DIIHFWHGDUHDV±VKRZLQJDUHDVPRUHVHQVLWLYHWKDQRWKHUV
 7KH VHFRQG VWHS LV WKH FRPELQDWLRQ DQG ZHLJKWLQJ RI WKHVH LQGH[ PDSV LQWR LQGLFDWRUV
UHTXLUHG WR VKRZ WUDQVSRUW VHQVLWLYLW\ ,Q WKLV VWHS WKH LQIRUPDWLRQ RQ UHOHYDQFH RI HDFK
LQGLFDWRUIRUDVVHVVLQJVHQVLWLYLW\KDVEHHQXVHG$VDJHQHUDODVVXPSWLRQWKHZHLJKWIDFWRUV
RIKDYHEHHQSURSRVHGLQRUGHUWRVWUHVVWKHLULPSDFWVDVµORZ¶µPHGLXP¶µKLJK¶DQG
µYHU\KLJK¶7KXV WKH VDPH LQGLFDWRUPDSFDQEHDVVLJQHGGLIIHUHQWZHLJKWVGHSHQGLQJRQ
WKHHIIHFWXQGHUFRQVLGHUDWLRQ$VDQH[DPSOHSRSXODWLRQGHQVLW\RFFXUVZLWKUHOHYDQFHµYHU\
KLJK¶ ZHLJKWµ¶DQGUHOHYDQFHµPHGLXP¶ ZHLJKWµ¶
 ,Q WKH WKLUG VWHS WKH ZHLJKWHG LQGLFDWRU PDSV KDYH EHHQ DGGHG WR IRUP ILQDO PDSV )RU
SUHVHQWDWLRQSXUSRVHVDOOYDOHVKDYHEHHQGLYLGHGE\
,WLVLPSRUWDQWWRVWUHVVWKDWWKHZHLJKWVDUHGLIILFXOWWRGHFLGHDQGWKHUHLVQRREYLRXVO\VFLHQWLILFDOO\
FRUUHFW ZD\ RI GRLQJ VR 7KXV ZH GHFLGHG WR XVH WKH 
GRXEOH XS
 FRQFHSW DV D FRPSURPLVH 7KH
PXOWLSOLFDWLRQ FRXOG KDYH EHHQ XVHG WRR EXW WKLV ZRXOG KDYH RYHUHPSKDVL]HG WKH LPSRUWDQFH RI WKH
GRPLQDWLQJOD\HU
7KH$66(7:HEWRROUHVXOWV
)LJXUHVKRZVWKH$66(7:HE*,6WRROUHVXOWVDYDLODEOHDWKWWSGPXJLVZHEGPXGN$66(7B(8
7KH H[DPSOH LV UHODWHG WR 6HQVLWLYH DUHDV 6$ LQ*HUPDQ\ DQG1RUWK(XURSH VKRZLQJ LQ WKH GDUNHVW
VSRWVWKHVHQVLWLYHHFRV\VWHPVDUHDVDFFRUGLQJWRWKH1DWXUD



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)LJ$66(7:HE*,6WRRO1DWXUDVHQVLWLYHDUHDVLQ1RUWK(XURSH
2WKHULQGLFDWRUVRIVHQVLWLYHQHVVWRWUDQVSRUWDFWLYLWLHVWKDWFDQEHVKRZQWKURXJKWKH$6(7:HE*,6WRRO
DUHWKHIROORZLQJ
x 3RSXODWLRQGHQVLW\WKDWKDVEHHQFRPSLOHGE\-5&*DOOHJRHWDOXVLQJSRSXODWLRQGDWDRQ
1876OHYHOIURP(XURVWDW¶VUHDVVLJQHGWRODQGFRYHUW\SHVIURP&RULQH/DQG&RYHUPDSV
x +DELWDWFRQQHFWLYLW\PDSSHGXVLQJDQDSSURDFKRQVKRUWHVWGLVWDQFHWRQHLJKERXULQJKDELWDWVRIVDPH
W\SH7RXULVPLQWHQVLW\UHIOHFWHGE\QXPEHURIRYHUQLJKWVWD\V

7KHQH[W)LJXUHVKRZVKRZWKH$66(7:HE*,6WRRORYHUOD\SURFHGXUHLVFDUULHGRXW

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
2QWKH1DWXUDRYHUOD\LWKDVEHHQDGGHGWKH(XURSHDQURXWH(RYHUOD\ZKLFKJRHVEHWZHHQ
6ZHGHQDQG,WDO\WKURXJK'HQPDUN*HUPDQ\DQG$XVWULD7KH)LJXUHVKRZVWKDWWKH$66(7:HE*,6
WRRODOORZVWKHYLVXDOL]DWLRQRIWKHKRWVSRWVDORQJWKHURXWHWKHGDUNHVWVSRWDORQJWKHURXWH


)LJ$66(7:HE*,6WRRO1DWXUDVHQVLWLYHDUHDVLQ1RUWK(XURSHDQGWKH0RWRUZD\(

$QLQWHUDFWLYHPDSSLQJIXQFWLRQWRROKDVEHHQLPSOHPHQWHGWRDOORZWKHXVHUWRFRPSLOHPDSVIRUWKH
WKUHHHIIHFWV1RLVH,QIUDVWUXFWXUHDQG$LU3ROOXWLRQIURPWKHLQGH[PDSVOLVWHGDERYHRQWKHOHIWSDUWRI
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WKH)LJXUH7KLVPDSSLQJWRROLVDYDLODEOHIURPWKHEXWWRQVLQWKHXSSHUOHIWFRUQHURIWKHZLQGRZDQG
RIIHUV WZR VHWV RI PDS GDWD IRU HDFK HIIHFW ZLWK WKH ZHLJKW DVVLJQHG DV GHVFULEHG DERYH LQ WKH
PHWKRGRORJ\6RWKHXVHUKDVWKHDELOLW\WRWU\RXWGLIIHUHQWFRPELQDWLRQV
&RQFOXVLRQVDQGLQVLJKWVIURPWKH$66(7WRRO
*,6PRGHOOLQJ DQGPDSSLQJ DUH DERXW WR EHFRPH LQFUHDVLQJO\ FRPPRQ DV DQ HIIHFWLYH DQG HDV\ WR
XQGHUVWDQGZD\RISUHVHQWLQJDQGFRPPXQLFDWLQJFRPSOH[HQYLURQPHQWDOSKHQRPHQDWRWKHSXEOLFDQG
VWDNHKROGHUV7KLVLVVXSSRUWHGE\GHYHORSPHQWRIDGYDQFHG*,6WRROIRUVSDWLDODQDO\VLVDQGODUJHSDQ
(XURSHDQ GDWDEDVHV $V PRVW RI WKH UHDO ZRUOGV SKHQRPHQD GR KDYH D VSDWLDO FRPSRQHQW LW LV YHU\
LPSRUWDQWWRLQFOXGHDJHRJUDSKLFDOUHIHUHQFHZKHQFROOHFWLQJGDWD7KHVHJHRUHIHUHQFHVFDQEHPDGHLQ
GLIIHUHQWZD\VE\XVLQJJHRJUDSKLFDOFRRUGLQDWHV OLQNVWRDGPLQLVWUDWLYHXQLWVDGGUHVVHVRURWKHUV7KH
WDEOHRQH[LVWLQJJHRGDWDDYDLODEOHIRUSDQ(XURSHDQPDSSLQJGRFXPHQWVWKHJUHDWHIIRUWWKDWDOUHDG\KDV
EHHQPDGHLQWKLVDUHD
2QWKHRWKHUKDQGJDSVDUHVWLOOWREHLGHQWLILHGDQGILOOHGDVLWVKRZHGXSWKDWDQXPEHURIGDWDVHWV
DUHVWLOOPLVVLQJIRUVRPHFRXQWULHVDQGRWKHUVDUHLQSURFHVVEXWQRW\HWDYDLODEOH7KHOHYHORIGHWDLOLV
RIWHQWDUJHWHGDWDEURDGFRQWLQHQWDODSSOLFDWLRQZLWKOHVVGHWDLOWKDQQDWLRQDOVHWVRIJHRGDWDDVWKH\DUH
DYDLODEOHIRUORFDORUUHJLRQDODSSOLFDWLRQVDQGFDVHVWXGLHV)XUWKHUPRUHPDQ\GDWDVWLOOH[LVWRQO\DWWKH
QDWLRQDO RU HYHQ UHJLRQDO DJHQFLHV DQG QHHG IXUWKHU FROOHFWLRQ FRRUGLQDWLRQ DQG VWUXFWXULQJ WRZDUGV
FRPPRQ(XURSHDQGDWDVHWV
$V UHDO ZRUOG SKHQRPHQD XVXDOO\ GHYHORS WKURXJK WLPH DQRWKHU LPSRUWDQW LVVXH LV UHODWHG WR WKH
WHPSRUDO GLPHQVLRQ RI GDWD VWRUDJH DQG DQDO\VLV %HVLGHV JUDSKV RQ GHYHORSPHQW PDSV SURYLGH HQ
H[FHOOHQW WRRO WRYLVXDOLVHZKDW LVKDSSHQLQJZKHUH WRKLJKOLJKWDUHDVRIPDMRURU UDSLGFKDQJHVZKLFK
PLJKWQHHGVSHFLDODWWHQWLRQ
7KH$66(7:HE*,6WRROVKRZVWKDWPDSSLQJSURYLGHVDSRZHUIXOWRROWRYLVXDOLVHFRQIOLFWLQJDUHDV
DQGKRWVSRWV,WLVSRVVLEOHWRGLVWLQJXLVKEHWZHHQDUHDVDIIHFWHGE\JHQHUDOUHJXODWLRQVDQGDUHDVRIKLJK
VHQVLWLYLW\ WR ORFDO LPSDFWVZKLFKPD\ UHTXLUHH[WUDRUGLQDU\PHDVXUHV$WWHQWLRQKDV WREHSDLG WR WKH
IDFWWKDWJRRGPDSVDUHHDV\WRUHDGDQGWKXVFDQFRPPXQLFDWHVWURQJPHVVDJHV)RUGLVVHPLQDWLRQWKLV
PHDQV WKDWPDSV LQKHULW WKH SRWHQWLDO RI EHLQJ µPDQLSXODWHG¶ LQ DOPRVW DOO WKLQNDEOHZD\V WRPDNH WKH
UHDGHUSHUFHLYHWKHPHVVDJHWKHDXWKRUOLNHVWRVHQG
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